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promoted multi-taxonomic biodiversity.

. Therestored site shows increased soil stability and advanced ecological succession.
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Landslides are complex geomorphological events that not only alter the physical structure of o |
landscapes but also initiate a cascade of ecological processes at both local and regional scales. Whi- - - o e
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‘ The analysis of the herbaceous species composition shows significant differences between the PERMANOVA suggests that the plots tend to differ in terms of composition (R? = 0.390, F = 1.71), PERMANOVA confirms the absence of significant differences in composition
plots, PERMANOVA (R* = 0.416, F = 4.27, p = 0.001). Beta-dispersion analysis (F = 1.74, p = but this difference is not statistically significant at 5% (p = 0.053). However, the p-value close to between plots (R2 = 0.112, F = 0.84, p = 0.646). Furthermore, the test for homoge-
0.154) suggests that these differences are not attributable to variations in multivariate disper- the threshold may indicate a biologically relevant trend. Beta-dispersion analysis confirmed the neity of (.jisp.ersions'(beta-dispersion) showed no significant differen.ces betwegn
ECO LOGICAI_ RESTO RATION sion, but actually reflect variations in floristic composition. These results indicate a well- homogeneity of the variance between the groups (F = 0.372, p = 0.815). Overall, the NMDS analy- thgtmulj'il;]/ar:aaésh\;lirlllag\jis of trte ls:\(ztDSS(F = Cl).5§2, E = 0.661t), Supportllng ttf)‘let relia-
defined structure of the herbaceous communities between the plots analysed. sis results suggest that there are trends of differentiation between plots. ity ot the resutt. analysis ShOWS a strong overiap between

the sample groups, suggesting a similar composition of soil microbial communi-
ties between the different plots.
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CONCLUSION AND DISCUSSION FURTHER RESEARCH

SWBE techniques represent a promising model for landslide restoration, where technical stabilization is harmonized with biodiversity enhancement.

Multi-diversity indices will be evaluated to highlight the relationships among different taxonomic groups, to better comprehend ecological processes

Research findings highlight the ecological value of Soil and Water Bioengineering (SWBE) interventions in post- activated by SWBE restoration. Their effectiveness depends on both the design and the environmental context, but when properly implemented, they
landslide landscapes. The restored site not only exhibited greater slope stability but also supported a well- offer a cost-effective, sustainable solution aligned with Nature-Based Solutions principles. Continued monitoring is needed to fully understand the long-
developed ecological succession, as reflected in both the structural complexity of vegetation and the diversity of term trajectories of biodiversity and ecological function in these systems. Nevertheless, this case study from the Apuan Alps provides evidence for the
soil biota and insect communities. These results indicate that SWBE techniques go beyond their technical role in integration of ecological criteria into post-disaster landscape recovery and slope management strategies.

erosion control and contribute meaningfully to the re-establishment of ecological processes.

Vegetation data revealed higher alpha diversity in the SWBE-restored site, suggesting that stabilized conditions
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